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The carboxymethyl cellulose (CMC), guar gum, sodium alginate and chitosan etc. are natural polysaccharides. This 
paper presents the synthesis and characterization of natural polymer carboxymethyl cellulose (CMC) and synthetic monomer 
acrylic acid (AA) based graft copolymer (CMC–g–AA) and its applications in removal of Methylene blue dye from 
industrial effluents. CMC–g–AA has been synthesized using free radical initiator and characterized by FTIR, TGA, and 
SEM analysis. The AA concentration has been varied from 5.5 x 10-2 to 35.5 x 10-2 mol dm-3 to get maximum grafting of AA 
monomer onto CMC. The FTIR spectral analysis proves the successful grafting. The synthesized graft copolymer (CMC–g–
AA) has been applied in adsorption of a water soluble monovalent cationic dye such as Methylene Blue.  
Keywords:  Acrylic acid, Carboxymethyl cellulose, Dye removal, Graft copolymer, Redox pair. 
The removal of synthetic dyes from industrial 
effluents is a significant environmental issue of 
global concern due to the challenges in treating 
industrial waste water using conventional methods
1
. 
In surface water environments presence of dyes even 
at very low quantities, it is undesirable. Additionally 
these pigments can hinder photosynthesis and inhibit 
the growth of aquatic plants by attenuating 
transmission of sunlight in aqueous environments. 
Synthetic dyes are usually organic compounds which 
are refractory in nature with changeable toxicity. 
Therefore various techniques have been recently 
reviewed and used for the treatment of dye–
containing waste waters. These include solvent 
extraction, chemical oxidation, coagulation and 
flocculation, electrochemical, and adsorption based 
methods
2-8
. Among all these techniques, adsorption 
is attractive method because it is relatively low cost, 




Methylene blue is a widely used organic dye in the 
chemical industry due to its high water solubility with 
various applications in dyeing of cottons, wools, and 
coating for paper stock, temporary hair colorants and 
coloring paper
10
. Methylene blue is hazardous when 
ingested through dermal contact, digestion, and 
breathing. Acute exposure to Methylene Blue will 
cause increased heart rate, shock, vomiting, 
quadriplegia, cyanosis, jaundice, Heinz body 
formation, and tissue necrosis in humans. Adsorptive 
removal of Methylene blue with activated carbon is 
effective due to its high adsorptive capacity, high 
surface area, microporus structure and its high degree 
of surface reactivity. However, commercial activated 




Now a day, there is a great attention in the 
development of new adsorbents having high 
adsorption capacity and fast adsorption rate for 
wastewater treatment. Hydrogels possessing different 
functional groups have been investigated in the 
preceding literature for this purpose
12-15
. Chemical 
cross-links through N,N–methylene bis acrylamide  
(covalent bonds) or physical junctions (e.g., 
secondary forces, crystallite formation and chain 
entanglements) provide the hydrogels unique swelling 
behavior and three dimensional structure
16,17
. These 
materials are of great interest due to their promising 














Hydrogels can be prepared by graft copolymerization 
and crosslinking of one or more monofunctional and 
one multifunctional monomer or by crosslinking of a 
homopolymer or copolymer in solution. In recent 
years, considerable researches have been done on the 
characterization and swelling behavior of synthetic 
hydrogels prepared by simultaneous free radical 




copolymerization and crosslinking in the presence of 
an initiator and a crosslinking agent
26-31
. They can 
also show stimuli-responsive properties to the various 
external parameters such as temperature, pH, solvent 
composition and salt composition depending on the 
type of functional groups in the structure
32,33
. The 
present work was aimed to synthesize polymeric 
hydrogels based on acrylic acid (AA) and 
carboxymethyl cellulose (CMC) using N,N–
methylenebis acrylamide (MBAAm)  as crosslinking 
agent. In this work, it has been aimed to study a 
convenient method for removing the water soluble 
monovalent cationic dye such as Basic Blue 9 
(Methylene blue) from aquous solutions by adsorption 
on novel polymeric adsorbent such as 
AA/CMC/MBAAm hydrogels.  
Carboxymethyl cellulose (CMC) is the most 
important anionic water–soluble linear polysaccharide 
and it is prepared by the partial substitution of the –
OH groups of glucose repeating unit of cellulose 
molecular chain by introducing carboxymethyl group 
(–CH2COOH) (Fig. 1 shows the structure of 
carboxymethyl cellulose. It has received much 
attention due to its exclusive properties such as low 
cost, hydrophilicity, transparency, high viscosity, non-
toxic, biodegradability, biocompatibility, good film 
forming ability
34-36
. Carboxymethyl cellulose is useful 
in which hydrophilic colloids are indicated. The basic 
properties that enhance its commercial value are its 
abilities to thicken water, suspend solids in aqueous 
media, stabilize emulsions, and absorb moisture from 
the atmosphere. These properties have been, utilized 
widely in divergent applications such as, textile 
processing industries, formulation agents for the 



















 water treatment through oil recovery, 
detergents, and oil well drilling operations
45,46
. In 
current years, the chemical modification of 
carboxymethyl cellulose by the grafting of 
hydrophilic vinyl monomers (nonionic, cationic or 







and trimethyl allyl ammonium chloride
  
has 
gained extensive attention for preparing new 
polymeric materials with extraordinary properties. 
The graft copolymerization of carboxymethyl 
cellulose and its derivatives with hydrophilic 
monomers has received considerable attention during 
the past decades as a convenient way of introducing 






Acrylic acid (AA) was purchased from Sigma 
Aldrich Chemicals (USA) and used after distillation, 
and it is distilled under vacuum at 9 mm Hg pressure 
and at 40˚C. Carboxymethyl cellulose (CMC) and 
N,N–methylenebis acrylamide (MBA) (Fig. 2) were 
purchased from Hi Media Chemical, Mumbai, India. 
Potassium Bromate, Thiourea and Methylene Blue 
were supplied by Merck Chemicals. Triple distilled 
water was used for polymerizations, swelling and 
adsorption experiments. All the chemicals are 
analytical grade. 
 
Synthesis of (CMC-g-AA) copolymer 
For synthesis of graft copolymer, carboxymethyl 
cellulose (CMC) solution was prepared by adding the 
calculated amount of CMC in required amount of 
triple distilled water. The calculated amount of acrylic 
acid, sulphuric acid and thiourea and N,N– 
methylenebis acrylamide solutions were added into 
the reactor and a slow stream of oxygen free nitrogen 
gas was passed for 30 min. A known amount of 
deoxygenated potassium bromate solution was added 
to initiate the reaction. The reactions were performed 








Fig. 2 — Structure of acrylic acid, N,N–methylenebis acrylamide, 
methylene blue 




After a desired interval of time, the reaction was 
stopped by letting air into the reactor. The grafted 
sample was precipitated by pouring the reaction 
mixture into water methanol mixture. The precipitate 
was dried and weighed.  
 
Swelling studies 
The swelling behaviors of weighed dried hydrogel 
samples were carried out by immersion in distilled 
water at room temperature. The graft copolymeric 
gels were gently wiped and weighed to determine the 
water absorbed at various time intervals. The swollen 
gels were weighed by an electronic balance with an 
accuracy ± 0.0001 g. The effect of pH on the swelling 
properties was studied using buffers solutions. All 
swelling studies were carried out in 150 mL of 
swelling medium. The swelling studies were carried 
out until equilibrium in swelling was reached. 
Swelling measurements were done two or three times. 
The total uncertainty for all experiments ranged from 
3 to 5 %. The swelling ratio was calculated using the 
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where, Mt and Mo refer to the weight of swollen 
hydrogel at time t and at time 0, respectively.  
The equilibrium degree of swelling Seq, after 
hydrogels had swollen to equilibrium in the swelling 








eq                               … (2) 
Here, Meq is the mass of the swollen hydrogel 
sample at equilibrium. 
The water absorbed by CMC–g–AA polymeric 
hydrogels is quantitatively represented by the 
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Characterization techniques 
The synthesized hydrogel was characterized by 
various type of characterization method.. FTIR 
spectra of CMC and CMC–g–AA were recorded on 
FTIR-4100 spectrophotometer product of Jasco, 
Japan. TGA–50 Shimadzu, Thermogravimetric 
analyzer was used for the measurement of thermal 
analysis. The nitrogen flow rate was 20 ml/min and 
the heating rate was 10
◦
C/min from ambient 
temperature up to 800
◦
C. JEOL–JSM–5400 scanning 
electron microscope (SEM) was used for investigating 
the porous structure and morphology of the prepared 
CMC–g–AA polymeric hydrogel. UV–Vis spectra of 
dye solution were recorded on a Shimadzu UV 
1800 spectrophotometer using a 10 mm path length 
quartz cuvette. 
 
Results and Discussion 
 
FTIR Analysis 
Infrared spectroscopy was carried out to identify 
the chemical structure of the original CMC and  
the prepared hydrogels. Figure 3 shows the FTIR 




Fig. 3 — FTIR of Carboxymethyl cellulose (CMC) 




AA/CMC/MBAAm hydrogel respectively. In case of 
Fig. 3 for CMC, it is clear that it shows a broad 
absorption band at 3415 cm
−1
 due to the stretching 
frequency of the –OH group. The band at 2924 cm
−1
 
is due to C–H stretching vibration. The presence of a 
strong absorption band at 1619 cm
−1
 confirms the 
presence of –COO group. The bands around 1424 and 
1328 cm
−1
 are assigned to CH2 and CH3 bending 
vibration, respectively. The band at 1024 cm
−1
 is  
due to carboxymethyl ether group > CH–O–CH2 
stretching.  
In case of Fig. 4 for CMC-g-AA graft polymeric 
hydrogel, the presence of a broad absorption band at 
3404 cm
−1
 is due to the overlap between –OH 
stretches and NH2 stretching frequency of NH2 group. 
A band at 2927 cm
−1
 is due to the C–H stretching 
vibrations. A band at 1732 cm
−1
 was due to the 
carbonyl group (C=O stretching) of the carboxylic 
acid group of AA,  The band at 1096 cm
−1
 is due to 
OH bending vibration and the band at 792 cm
−1
 is due 
to the presence of C–O stretching. The presence of 
absorption band at 1096 cm
−1
 is due to C–C bond, the 
bands which characterize both CMC and AA 
molecule. The previous peaks ensure the formation of 
CMC–g–AA graft polymeric hydrogel. 
 
Thermogravimetric analysis 
Thermogravimetric analysis (TGA) is a procedure 
in which a material is decomposed by heating, which 
causes bonds within the molecule to be broken. TGA 
plays an important role in determining thermal 
stability of the materials. The TGA curves have been 
recorded on TGA–50 Shimadzu, thermal analyzer 
within a temperature range 0–900°C and with a 
heating rate of 10°C per minute in an atmosphere of 








Fig. 5 — TGA of Carboxymethyl cellulose 




carboxymethyl cellulose starts at about 140°C. The 
degradation occurs in two stages, that is, from 140 to 
288°C and from 288 to 500°C. The polymer 
decomposition temperature (PDT) and final 
decomposition temperature (FDT) have been found as 
140 and 385°C respectively, and temperature at which 
maximum degradation occurs which is called Tmax has 
been found at 280°C and it is due to the loss of 
CH2COO group from CMC. The char yield was found 
to be 20 % at 800°C. 
TGA curve of graft copolymer show Fig. 6 that the 
thermal stability of the CMC–g–AA due to the 
grafting of AA and graft copolymer of carboxymethyl 
cellulose began to degrade at about 150°C. About 1.5 
% mass loss observed at 200°C and it might be due to 
the loss of absorbed water. The degradation of CMC–
g–AA occurs in three stages. The PDT was found to 
be 110°C, and it is due to elimination of groups from 
grafted polymer chain. The first Tmax found to be 
215°C and it is due to the loss of –CH2COO group 
from parental backbone. The second and third Tmax 
were found at 343°C due to the elimination of water 
and CO2 respectively. The higher value of FDT and 
char yield that are 580°C and 35% at 800°C 
respectively than CMC which prove the high thermal 
stability of graft copolymer. 
 
Scanning Electron Microscopy (SEM) analysis 
SEM micrographs of ungrafted and AA grafted 
carboxymethyl cellulose are shown in Fig. 7 By 
comparing the surface morphology of grafted 
carboxymethyl cellulose Fig. 7(b) with that of 
ungrafted carboxymethyl cellulose Fig. 7(a), found 
that the grafted chains drastically changed the 
morphology of carboxymethyl cellulose. As shown in 
Fig. 7(b), the surface of the CMC–g–AA copolymer 
was more uneven than that of Carboxymethyl 
cellulose, and this is another proof of grafting. A 
closure inspection of micrographs reveals that there is 
large difference in the morphological appearance of 









Fig. 7 — SEM images (a) CMC (b) CMC-g-AA 
 




copolymer. Carboxymethyl cellulose has granular 
morphology. After grafting, the granular appearance 
of the native CMC was distorted and transferred 
smooth morphology, as the grafted AA chains got 
agglomerated. This observation implies of AA affects 
the morphological characteristics of carboxymethyl 
cellulose.         
 
Swelling studies 
The swelling behaviors of the AA/CMC/MBAAm 
hydrogels in pure water, at 45°C is plotted in Fig. 8. All 
the hydrogels swelled rapidly, reaching equilibrium 
within 3 hour. Sample AA/CMC/MBAAm 3 showed 
the highest swelling ratio for the time – dependent 
swelling behavior and AA/CMC/MBAAm 1 the 
lowest. AA was found to be more hydrophilic. Since 
AA/CMC/MBAAm 3 contained more hydrophilic 
groups within its structure, its swelling ratio should be 
the highest of the hydrogels prepared.  Figure 8 also 
shows the temperature-dependent swelling behavior of 
the AA/CMC/MBAAm random copolymer hydrogels 
in pure water. The swelling ratios of the hydrogels 
increased with increasing the temperature. The thermo 
sensitive hydrogel could be described as either a 
positively or a negatively temperature sensitive system. 
In a positively temperature-sensitive system, hydrogels 
with an upper critical solution temperature (UCST) 
shrink by cooling below the UCST, while hydrogels 
with a lower critical solution temperature (LCST) 
contract by heating above the LCST in a negatively 
temperature sensitive system. In an aqueous system, 
the temperature dependence of swelling of a hydrogel 
is closely related to the temperature dependence of the 
polymer–water and polymer–polymer interaction. The 
AA/CMC/MBAAm hydrogels exhibited a temperature-
responsive swelling behavior, due to the 
association/dissociation of the hydrogen bonding of the 
carboxyl groups in the AA and the amide groups in the 
MBAAm of the hydrogels. Hydrogel samples at low 
temperature swell through a diffusion process only, 
because hydrogen bonds may not be destroyed at low 
temperature. Meanwhile, hydrogel samples at a high 
temperature adsorb more water than at low 
temperature, because the dissociation of hydrogen 
bonding at higher temperatures generates carboxylate 
ions which cause ionic repulsion. 
 
Removal of dyes 
The effect of contact time on the adsorption of MB 
onto the prepared hydrogel at an initial concentration 
of 100 ppm from 0 to 500 min was investigated to 
identify the rate of dye removal. As depicted in Fig. 9 
the adsorption increases with the increasing contact 
time and rapid adsorption of MB was observed during 
the initial 250 min. The amount of MB adsorbed 
increased rapidly in the early stage and then increased 
more slowly over extended periods, gradually 
approaching adsorption equilibrium (Fig. 10). This is 
due to approaching adsorption equilibrium. This is 
due to availability of active binding sites on the 
sorbent at the initial stage. With gradual occupancy of 
binding sites, the sorption became slower in the later 
stage. A contact time of 8 hour was sufficient to reach 
equilibrium. Therefore sorption experiments were 
conducted for 8 hour. 
 
Adsorption experiments 
For the dye adsorption, accurately weighed 
hydrogels (12 mg) were immersed in water for at least 








Fig. 9 — Effect of contact time on dye adsorption 




experiments were carried out at room temperature, in 
cylindrical glass vessels, by using batch conditions. In 
these experiments, the swollen samples of the 
prepared hydrogels were immersed in MB dye 
solutions (10 mL) with concentration of 100 mg/L. 
The amount of residual dye in the solution was 
determined at regular time using a UV–Vis 
spectrophotometer (Fig. 11). All of the experiments 
were performed in triplicate and the average was used 
in this work. The influence of pH on MB removal was 
investigated in detail. The influence of pH on MB 
removal was studied by adjusting MB solutions  
(100 mg/L) to 8 pH values using a pH meter. 
The amounts of adsorbed dye per unit mass of 
adsorbent at time t (Qt, mg g
-1
) and at equilibrium (Qe, 
mg g
-1
) were calculated by using the following 
expressions: 
(g) m
(L) V )C - (C
  mg/g) (Q
ti
t                               … (4) 
 
(g) m
(L) V )C - (C
  mg/g) (Q
ei
t                               … (5) 
 
where Ci and Ce are the initial and equilibrium 
concentrations of dye (mg/L), respectively and Ct is 
dye concentration at time t, V is the volume of  




The synthesis of dye adsorbent copolymers based 
on CMC which are neither toxic nor expensive has 
been successfully carried out using free radical 
polymerization technique. The results show that the 
prepared CMC–g–AA polymeric hydrogel possessed 
high thermal stability and good hydrophilic 
properties. It is found that the adsorption capacity of 
the prepared graft copolymeric hydrogel is mainly 
dependent on type of monomer used and chemical 
structures of the pollutants which are mainly 
dependent on their polarity and steric effect of these 
compounds. The copolymer is used in adsorption of 
the MB dye from aqueous solutions. 
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